In the present study, the influence of the cognitive style called field dependence-independence on academic achievement of Brazilian university students was explored as well as the mediating effect of learning strategies on that influence. Learning strategies of 313 first-year university students (189 women and 124 men; M age = 20.86, SD = 3.86) from different fields, with upper, medium and lower scores on field dependence-independence were assessed on a self-report questionnaire and their overall academic marks in the first year were registered. Results of a regression analysis showed that cognitive style and learning strategies significantly contributed to academic achievement. A path analysis revealed that planning strategies mediated the influence of cognitive style on achievement. Keywords: Field dependence-independence, cognitive style, learning strategies, self-regulated learning, academic achievement.
Cognitive styles are defined as consistent patterns of functioning which are mainly present in perceptual and intellectual activity (Rayner & Riding 1997; Riding, 1997) . They establish a qualitative approach to behavior, in contrast to the dominant quantitative approach outlined by aptitudinal dimensions (Messick, 1994) . Therefore, going beyond the labels for personal performance, they describe tendencies of confronting different situations, guiding the interpretation of superiority or disadvantage in certain circumstances and suggesting ways of intervention.
Field dependence-independence is considered one of the most heuristic cognitive style constructs (Messick, 1996; Price, 2004; Sternberg, Grigorenko, & Zahn, 2008; Sternberg & Williams, 2002) and has been shown consistently to determine academic professional trajectory (Guisande, Páramo, Soares, & Almeida, 2007a) , the way teachers teach (Evans, 2004) and the type of interaction between teacher and student (Saracho, 2000) . Moreover, depending on the proximity to the extremes of the dimension, individuals show diverse ways of information processing which seem to modulate their academic achievement. In fact, we can assert that field-dependence places students at risk for poor school outcomes, whereas field-independence favors a student's success (Cano, 2006; Danili & Reid, 2006; Garton, Ball, & Dyer, 2002; Hederich, 2004; Tinajero & Páramo, 1997 , 1998 Zhang & Sternberg, 2005) . The same effects have been observed for Brazilian accounting students (Oliveira, Oliveira, & Souza, 2009 ). The influence of cognitive style on achievement of students from other university disciplines and from lower educational levels remains unexplored in Brazilian context.
The research on information processing and its relation to cognitive style, has revealed some trends that could explain differences in achievement. Field-independent individuals, who are characterized by confidence in internal references and in their own criteria, tend to assume an analytical approach towards information that allows them to break it down into its component parts and restructure it according to their needs. This appears to enable spontaneous multiple operations using the information, such as classifying it or generating related inferences and hypotheses. As a consequence, individuals with a field-independent style are considered active processors (Guisande, Páramo, Tinajero, & Almeida, 2007b; Rozencwajg, 1991; Tsakanikos, 2006) .
In contrast, individuals with a field-dependent style are more sensitive to external clues and thus tend to take information exactly as it is presented to them, and in what appears to be an effort to capture the structure of this information, they normally attend to its global aspects. This tendency is an obstruction to intellectual tasks that demand focus on isolated elements within a perceptive or symbolic whole -as in the perceptual disembedding tasks used as measures of cognitive style -or in those that involve restructuring of information. Moreover, the global approach favors a passive, expectant attitude in the face of intellectual tasks (Baker & Dwyer, 2005; S. Y. Chen, Magoulas, & Macredie, 2004; Handal & Herrington, 2004) .
Apart from these general descriptions, we need data on the specific performance of individuals in an educational context as related to field-dependent and fieldindependent cognitive styles. They would enable us to design training programs for subjects with different cognitive styles and to adjust the instructional design for them. A way of approaching this issue would be exploring the relationship between field dependence-independence and learning strategies, which are regarded as essential for academic achievement; their training is considered one of the main means of reducing academic failure (Boruchovitch, 1999; Martín, García, Torbay, & Rodríguez, 2008; Pintrich & De Groot, 1990; Pocinho, 2010; Vrugt & Oort, 2008) .
For the moment, the available data on the relationship of cognitive style with learning strategies are mainly derived from research focusing on other aspects, like academic achievement, cognitive processing, or adaptation of instructional methods and materials. Nevertheless, the findings allow advancement of specific hypotheses. In order to provide an overview of the current state of empirical knowledge, we'll take as references the classifications made by Dansereu (1985) , Kirby (1984) and Weinstein and Mayer (1986) , given the support they have received and their coherence with the latest models of academic learning. Basing on their similarities, we may distinguish three types of learning strategies: support or resources management strategies, cognitive strategies or micro-strategies and meta-cognitive strategies or macro-strategies.
Support or resources management strategies are defined as those applied to both personal and contextual conditions of learning tasks and modulating pupils' levels of engagement. These strategies include motivational and volitional control, environmental structuring, and helpseeking activities (Dansereu, 1985; Kirby, 1984; Pintrich, Smith, García, & McKeachie, 1991; Vermunt, 1996; Weinstein & Mayer, 1986; Zimmerman & Martinez-Pons, 1990) . Studies on adaptive teaching have brought out motivational differences due to cognitive style such as differential effects of competitive situations, incentives and feedback on learning (Bolocofsky, 1980; Ennis, 1991) . Nevertheless, for the moment, data are lacking about the relation of field-dependence with the use of support strategies as those aforementioned.
Cognitive strategies or micro-strategies are used to encode, comprehend, and retrieve data to attain specific learning goals (Dansereu, 1985; Kirby, 1984; Pintrich et al., 1991; Vermunt, 1996; Weinstein & Mayer, 1986; Zimmerman & Martinez-Pons, 1990 ). They encompass reproduction, selection, elaboration, and organization activities. Some studies have revealed that field-dependent students are more prone to use reproduction strategies compared to others, whether the learning material is simple, such as a word list, or complex, such as a digital course (Frank & Keene, 1993; Liu & Reed, 1994) ; that is, they tend to simply repeat the information orally or mentally. Currently, neither the relation of the cognitive style with use of this strategy, nor the consequences for retrieval, have yet been explored.
Using selection strategies, students separate relevant from secondary, redundant, or confusing information, to facilitate a deeper processing of the former; related actions comprise note-taking and summarizing. When students with field-dependent and field-independent cognitive styles are compared in relation to note-taking skills on written texts, the groups produce similarly precise and organized notes (Annis, 1979; Kiewra & Frank, 1986; Stern & Hassanein, 1992) and, in fact, the retrieval by both groups is equally enhanced by note-taking (Rickards, Fajen, Sullivan, & Gillespie, 1997) . However, when notes must be taken from oral speech, students with fieldindependent style used fewer words than those with fielddependent style, suggesting that the former lean on previous knowledge to a greater extent (Frank, 1984) . This idea fits Fehrenbach's (1994) data about summaries of written texts, which suggest that students with field-independent style are not only more prone to spontaneously summaries school materials, but they are more accurate when invited to use this strategy and, as a consequence, they remember more oral information.
Students use elaboration strategies when they add meaning to the learning material by making symbolic constructions. Simple and complex elaboration are commonly distinguished, the first consisting of forming an integrated whole (for example an image or a sentence) associating pieces of the information to be retained (as items on a list). On the other hand, complex elaboration consists of relating new material to previous knowledge logically or by analogy (Dansereu, 1985; Kirby, 1984; Pintrich et al., 1991; Vermunt, 1996; Weinstein & Mayer, 1986; Zimmerman & Martinez-Pons, 1990 ). Studies on simple elaboration strategies, such as visual imagery or verbal association, suggest that field-independent learners are more prone to autonomously use this type of process (Corson, Verrier & Bucic, 2009; James & Moore, 1991; Tsakanikos, 2006) , and when instructions to perform them are given, retention improves to a greater extent among those with field-independent style in the case of imagery strategies (Carrier, Joseph, Key, & LaCroix, 1983; Pierce, 1980) . Data about complex elaboration are more clarifying about the learning process. Students with field-dependent style obtain better scores on analogies tests when pairs of related words are given (Johnson & Rosano, 1993) . Those with field-independent style, however, show greater ease at generating analogous concepts by themselves, based on their prior knowledge (Antonietti & Gioletta, 1994; Johnson & Rosano, 1993) ; in fact, they seem more prone to use, transfer, and modify their own prior concepts (AlJubaili, 2002; Cochran & Davis, 1987; Kang, Scharmann, Noh, & Koh, 2005; Spiro & Tirre, 1980) . Perhaps this tendency is also involved in the way students with different cognitive styles use the self-questioning strategy. Students with field-independent style are more specific when generating questions about texts to be learned, although this characteristic is not associated with better results on recall (Adejumo, 1983) .
Organizational strategies are the identification or assignment of structure to new material, for example, by outlining, clustering, concept mapping or sketching a network or diagram of the important ideas (Dansereu, 1985; Kirby, 1984; Pintrich et al., 1991; Vermunt, 1996; Weinstein & Mayer, 1986; Zimmerman & Martinez-Pons, 1990) . Students with field-independent style have shown a greater tendency to use this type of strategy: specifically, for a clustering strategy, either applied to drawings or to texts (Coward & Lange, 1979; Frank & Keene, 1993) and for networking or making diagrams for memorizing a text (Emmett, Clifford, & Gwyer, 2003; Fehrenbach, 1994; Kahtz, 1999) . Nevertheless, this wider structuring tendency does not lead to better retrieval, except in the case of graphical data recall (Coward & Lange, 1979; Lipsky, 1989; O'Connor & Blowers, 1980) . Finally, some authors have shown interest in metacognitive strategies or macrostrategies which include activities that help students in their learning planning, monitoring, and evaluation. An association of fielddependence with the desire to plan and monitor one's own learning has been registered, as well as a greater efficiency of these processes (Abraham, 1983; Boutin & Chinien, 1992; Liu & Reed, 1994) . In fact, students with fieldindependent style maintain a greater consciousness of their learning experiences and their personal role in them (Boutin & Chinien, 1992) .
The present work aims to provide data on the influence of cognitive style academic achievement in Brazilian student population and to evaluate the possible predictive value of the cognitive style dimensions and learning strategies on academic achievement; besides proposing an explanatory model of achievement taking into account the variables mentioned above.
Method

Participants
The sample selected in this study consisted of 313 first year university students aged between 17 and 30 (M = 20.86, SD = 3.86). They attended courses in: Agriculture, Administration, Architecture, Biology, Accounting, Law, Environmental Engineering, Mechanical Engineering, Electrical Engineering, Chemical Engineering, Civil Engineering, Nursing, Physiotherapy, Psychology, Chemistry and Information Systems. They were students at Manaus University Center/AM and from the Institute of University Education in Itumbiara/GO.
Instruments
Field Dependence-independence. The Group Embedded Figures Test (Witkin, Oltman, Raskin, & Karp, 1971 ) was administered after been translated into Portuguese. The test consists of a booklet containing 25 complex geometric designs, sorted into three sections. The first section consists of seven different designs as practice for the actual test, which consists of two sections, each one comprising nine complex figures. The last page of the booklet contains eight simple figures. The task consists of finding and marking the indicated simple designs within the complex designs. The participant is given a maximum of five minutes to complete each of the two last sections. The test score is the total number of figures correctly located. The alpha coefficient of the Group Embedded Figures Test has been reported as .82 (Witkin et al., 1971) . Kepner and Neimark (1984) (Witkin et al., 1971) .
Academic Achievement. Achievement was measured by the mean marks (computed on a scale from 0 to 10) obtained by the students during the first semester.
Learning Strategies. Strategies were assessed using the Learning and Study Inventory (LSSI; Weinstein, 1987) , translated into Portuguese by Figueira and adapted by Bartalo (2006) . This questionnaire is based on Weinstein and Mayer (1986) 's model and has reached great diffusion. It consists of 77 questions distributed into the following grouping categories: (a) Anxiety, which covers concern about school and academic achievement -with a minimum score of 8 and maximum of 40; (b) Attitude, which relates to the values that students attribute to school and to the interest for academic success in order to obtain good jobs -with a minimum score of 7 and maximum of 35; (c) Concentration, which seeks to assess the ability that the student has to direct his/her attention and keep it in academic activities -with a minimum score of 8 and maximum of 40; (d) Motivation, aims to evaluate motivational and volitional control strategies, that is, the self-discipline and strength to work with determination, and to evaluate its self-disposition to meet academic requirements -with a minimum score of 9 and up to 45; (e) Study Auxiliaries, which seeks to examine the level of use of organization strategies -with a minimum score of 8 and maximum of 40; (f) Time organization, which seeks to assess the time management principles application to academic situations; (g) Information Processing, which aims at evaluating the use of complex development strategies -with a minimum score of 8 and maximum of 40; (h) Selection of Main Ideas, which includes the evaluation of the ability to identify what information is of greater relevance in a text -with a minimum score of 6 and maximum of 30; (i) Verification, which has the purpose of planning the study and assessment testswith minimum score of 8 and maximum of 40; (j) Selfchecking, which aims to evaluate the ability to revise the material to be learned as well as to monitor the understanding of this material -with a minimum score of 8 and maximum of 40. Bartalo (2006) reports internal consistency rates between .76 and .78 for the various subscales, and correlation coefficients between subscales of .12 and .62. In the present study sample internal consistency values of α = .90 for the scale and between .65 and .77 for subscales were obtained.
Procedure
The research project had been submitted to the Ethics Committee from Lutheran University Center of Manaus and the Lutheran Institute of University Education in Itumbiara respectively and were approved under protocol numbers 017/2010 and 050/2010.
After being told by teachers that participating in the study would not involve any risk, and that their identities would be preserved, students signed a Free and Clear Consent Form (FCCF). All tests were administered in onehour sessions, following the same order for all participants. The Group Embedded Figures Test was applied first, to prevent an effect of fatigue produced in the execution of the LASSI, since the latter takes about 40 minutes to complete.
Data Analysis and Results
The first objective of this study was to provide data on the influence of cognitive style on academic achievement in Brazilian college students. The sample was divided into three groups (thirds), according to scores on the Group Embedded Figures Test. The lower third of the distribution, consisting of those individuals whose scores were between 0 and 3 (90 students) was considered the field-dependent group. At the top, were located fieldindependent students, with scores between 9 and 18 (86 individuals). Finally, an intermediate group was distinguished which was conformed by 137 students with scores between 4 and 8.
An Analysis of Variance (ANOVA) was used to compare mean marks of field-dependent, field-independent and intermediate students; significant differences were obtained (F (2, 309) = 8.77, p = .0001). Post hoc contrasts showed significant differences between field-independent and field-dependent groups (MI -Md = .640, p = .002) and between the field-dependent and intermediate groups (MD -MIN = -.630, p = .001). However, no significant differences were observed between the field-independent and intermediate groups. According to these data, field-dependent students obtained poorer academic achievement than the other two groups examined.
In order to analyze the predictive value of both cognitive style and learning strategies in academic achievement, a linear regression analysis was conducted, using the successive steps method, taking cognitive style and scores on each LASSI subscale as independent variables and the academic achievement as dependent variable. Moreover, in order to check whether the sample of the present study contained atypical values, Cook's statistic was applied and influence values were calculated resulting in a maximum score of .01 (it must be less than 1) and an influence point of .050 was obtained (it mustn't exceed 5); we may then assume that the sample doesn't contain atypical values. The results of this analysis are shown in Table 1 . According to the analysis results, three variables significantly affect the academic achievement (cognitive style, planning strategies, and motivational and volitional control strategies), accounting for 21% of the variance. Planning strategies showed the greater effect. Basing on these results, we proposed an explanatory model for achievement, considering cognitive style, volitional and motivational control strategies, and planning strategies. A structural equations analysis (path-analysis) was applied using the AMOS program, in order to prove its fitness. Standardized estimates are shown in Figure 1 , as well as variance explained by the model and regression weights of independent variables. As noted, verification strategies (β = .31) have a direct and positive influence, followed by the GEFT variable (β = .15), which also acts indirectly modulated by the Verification strategies (.14 x .31 = .043). An overall effect of .15 + .043 = .019 was obtained.
The most commonly used indicators according to Bentler (1990) are: χ 2 / gl (its value must be less than 2; in the present analysis a value of 1.24 was obtained), GFI (Goodness of Fit Index: a value close to 1 indicates a good adjustment, a value of .99 was obtained), CFI (Comparative Fit index: a value close to 1 indicates a good adjustment, a value of .98 was obtained) and RMSEA (an index related to degrees of freedom: a value less than .05 indicates a good adjustment, a value of .028 was obtained in the present study).
Finally the possible mediating role of planning strategies in the relationship of cognitive style with academic achievement was examined. A linear regression analysis was performed in three steps (Baron & Kenny, 1986 -see Figure 2 ). The first one made possible to confirm the relationship between the predicting variable (cognitive style) and the dependent one (the academic achievement -β = .058, p = .0001). The second one shows a cognitive style significant influence on planning strategies (mediator variable -β = .267, p = .003). In the third step, the influence of learning strategies on academic achievement was shown (β = .073, p = .0001). The Sobel test (1982) confirmed the significant effect of the mediation proposed from the explanatory model (Z = 3.08, p = .001) and it allowed to specify that the contribution of cognitive style, moderated by the strategies, was 8% of the total variance. .058
Discussion
The influence of cognitive style on academic achievement was analyzed both with reference to specific subjects, as well as to overall achievement. The data available indicate that field-dependent students consistently obtain worse results than their field-independent classmates. This trend has been observed in different educational levels and has been confirmed with samples from several culture origins (Cano, 2006; Danili & Reid, 2006; Garton et al., 2002; Hederich, 2004; Oliveira et al., 2009; Tinajero & Páramo, 1997 , 1998 Zhang & Sternberg, 2005) . However, we scarcely have data for Brazilian students. In accordance with previous investigations, results from the present study show that Brazilian college students with high scores on field-dependence obtain lower achievement than their peers with lower and intermediate scores. These results encourage the examination of the processes which determine the influence of cognitive style on academic achievement and places a substantial part of student population at risk for academic failure.
As noted in the introduction, investigations have been carried out on how field-dependent and field-independent individuals process information (Baker & Dwyer, 2005; S. Y. Chen et al., 2004; Guisande et al., 2007b; Handal & Herrington, 2004; Rozencwajg, 1991; Tsakanikos, 2006) . However, there is a considerable gap between these investigations and those exploring the relationship between field dependence-independence and academic achievement. Studies from the information processing point of view do not usually consider the implications of their results for education. In the latter type of study, there are generally no attempts to elucidate the specific processes that originate the observed differences in achievement. Establishing links between both types of cognitive style manifestations would serve as a good basis for the design of training programs for those strategies in which field-dependent students show disadvantage. A few attempts have been made in this line (see e.g. Ludwig & Lachnit, 2004; Pennings, 1991; Rush & Moore, 1991) ; although offering promising results, they have been limited to defining characteristics of field dependenceindependence (such as perceptive disembedding or analytical processing). Other measures with greater ecological validity remain unexplored.
The regression analysis performed in this study confirms the predictive power of field dependence-independence regarding academic achievement and reveals a significant contribution of scores on LASSI subscales of Motivation and Verification. Appropriate values of internal consistency were obtained for the study sample with this questionnaire.
Motivation subscale measures the students' ability to use motivational and volitional control strategies, while Verification covers items about planning studding and assessment tests. Both types of processes have consistently been shown to relate to academic achievement (Duckworth & Seligman, 2008; Greene, Miller, Crowson, Duke, & Akey, 2004; Nota, Soresi, & Zimmerman, 2004) .
In the present study, cognitive style and learning strategies jointly explained the 21% of variability on academic achievement, an appreciable percentage if we consider the multiplicity of situational and personal factors with potential influence, such as cognitive skills (Rohde & Thompson, 2006) or family relationships (Fan & M. Chen, 2001) .
The processing mode and other personal characteristics related to cognitive style seem to be conditioning the interaction between the subjects' performance as learners and educational contextual factors, predictably conforming stable and consistent patterns of behavior associated with teaching-learning situation; they could be affective, cognitive and/or meta-cognitive types of patterns. Thus, we should pose the mediator or moderator role that motivational and volitional control strategies and planning strategies could exert on the influence of cognitive style on academic achievement.
In the present study, an explanatory model of academic achievement was suggested, taking into account cognitive style and learning strategies, and it was confirmed through path analysis, supporting that planning strategies could act as a moderating variable in the influence of cognitive style on academic achievement.
Planning is a meta-cognitive process present in selfregulated learning, which includes setting objectives and planning strategies, contents and contextual resources to be used during the academic task (Pintrich, 2002; Zimmerman, 2002) . In a study by Liu and Reed (1994) with a university sample, field-independent students were found to impose a personal sequence on a computer course they had to follow, while their field dependent classmates followed the sequence established by the course. These results are consistent with those obtained in the present study, which has revealed that field independence favors the use of planning strategies.
In addition, the differential tendency to plan own learning, seems to reflect in academic achievement, acting as moderator on the influence of cognitive style on academic success or failure. It has been suggested that confidence in the internal references which characterizes field-independent subjects is more in harmony with meta-cognitive functioning: this could lead to an earlier and more efficient development of metacognitive abilities (Boutin & Chinien, 1992; Davis & Cochran, 1990; Liu & Reed, 1994) . If this is the case and considering the results of this study, specific training in planning strategies from primary education levels should be regarded as an immediate step in attending learning diversity due to cognitive style in academic contexts. Several proposals for teaching programs have been made with this aim, covering objectives formulation, procedures selection and self-competence beliefs, among others (see for example Núñez et al., 2011; Pressley & Harris, 2006) .
Studies to explore the effectiveness of these proposals with field-dependent and field-independent students and its influence on academic achievement of these subjects are clearly needed. In the light of the results of this research, the mediating role of learning strategies in the influence of cognitive style on academic achievement should be also analyzed in pre-university educational levels.
A greater impact of cognitive style through learning strategies should be expected on less experienced students, as suggested by data available on the relationship between field dependence-independence and learning strategies that was summarized in the introduction and obtained mostly with students from primary education. If this was supported, a plausible line of progress in the investigation should be to determine whether cognitive style takes part on the manifestation of production deficiency and utilization deficiency which are both part of the normative process of strategies acquisition (Schneider, Hünnerkopf, & Kron-Sperl, 2007) .
